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A SYSTEM FOR RATING SEASONAL FOREST FIRE SEVERITY 
INTRODUCTION 
Forest fire control is big business. Like most business organ­
izations, fire control is dependent on men, machinery, and money for 
effective production. It is mandatory that skilled and well trained 
individuals fill every position from the shovel wielder on fire lines 
to the Chief of Fire Control, if our forests are to receive the level 
of protection which a natural resource management plan demands. This 
highly trained crew of fire control personnel must then be outfitted 
with the best equipment that modern technology can offer in the areas 
of forest fire prevention, detection, and supression. The attainment 
of a properly equipped fire fighting force is an expensive proposition. 
And the deployment of this protection division on the fire line during 
the forest fire season is also expensive. 
Since 19̂ 1 Region 1 of the U. S. Forest Service, which includes 
all of Montana, northern Idaho, northeastern Washington, and part of 
western South Dakota, has spent $9,355,040 in the pre-suppression and 
suppression of forest fires. It is of the utmost Importance that the 
efficiency and production of this multi-million dollar organization 
be annually evaluated by fire control administrators. H. T. Gisborne, 
in charge of the Division of Forest Protection, U.S.F.S. in 1946, wrote 
a memorandum concerning this very subject of forest fire seasonal eval­
uation. 
"Engineers have records of river levels, especially of maxi­
mum or flood heights, over a long enough period so that they 
can say, 'We can expect a flood height of X feet or over not 
more than once in a 100 years, or Y feet twice in a 100 years, 
of Z feet 5 times per 100 years, etc.' They can therefore 
— — 
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build dikes, dams, culverts, bridges, etc, on a better than 
pure guess basis. The sound financing, building, and annual 
maintenance of a forest fire control organization should be 
on the same basis. One reason why it is not on this basis 
is that we do not know our probabilities the way the engi­
neers know theirs." 
The prediction of forest fire seasonal severity probabilities is 
one of the ultimate goals in forest fire research. However, the main 
task at hand is the development of an adequate and sensitive system to 
be used in rating the relative severity of forest fire seasons. This 
annual rating of fire seasons is one phase in the evaluation of the en­
tire fire control program. An account of this evaluation is prepared 
at the close of each fire season in the Annual Deficiency Report, and 
the report is then submitted to the Washington office of the U. S. 
Forest Service. 
Fire control officers want to know how one fire season compares to 
other seasons in terms of easy, normal, or critical potential burning 
conditions. These officers are better equipped to accurately judge the 
effectiveness of the overall fire control program when their evaluation 
can be based on a valid criterion of fire severity determination. This 
annual rating of the relative severity of forest fire seasons must be 
accomplished through the application of the best rating system that it 
is possible to create, if the final results are to have any significance. 
This rating system must present an accurate picture of the seasonal fire 
weather situation as it existed. And it must be sensitive enough to de­
tect the buildup of weather factors that might tend to create a critical 
fire situation for even a short period of time. 
Sound fire control planning requires the expenditure of large sums 
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of money through the years. A valid system for rating relative season­
al forest fire severity on an annual summary basis is a logical proce­
dure to he used in deriving an evaluation of the forest fire protection 
program. This study will involve an investigation into the validity of 
the present method of forest fire seasonal severity ratinĝ / as it is 
"being carried out in Region 1 of the U.S.F.S., and will include a re­
view of the severity rating work being accomplished in other parts of 
the country. The primary objective is to develop a severity rating 
system based on potential forest fire burning conditions for specific 
areas in Region 1. 
17 Hereafter forest fire seasonal severity rating will be expressed 
as severity rating, and will refer to the indexing of fire seasons by 
their relative severity. 
PREVIOUS WORK ACCOMPLISHED IN THE FIELD OF SEVERITY RATING 
H. T. Gisborne, late chief of the Division of Fire Research, devel­
oped the severity rating system that is in use in Region 1 today. In 
preparing his system of severity rating, Gisborne worked with burning 
indexé data for the months of July and August from ten forests for a 
period of fifteen years. 
By statistical analysis of the 15O ratings for the ten forests 
and fifteen years he determined that in 99-73 percent of future cases 
no forest should expect a July-August average burning index of more 
than 80.6 or less than 16.9 (later revised to 76.02 and 21.48). These 
two conditions are described as worst probable and least probable in 
his system. 
Gisborne then developed the method of rating the severity of fire 
seasons by computing what he called the percentage of worst probable. 
If a forest has an average burning index of 8I, that is 100 percent of 
worst probable. A forest with an average burning index of 17 would rank 
as 0 percent of worst probable. Any average burning index intermediate 
between I7 and 8l is therefore 32/64, or 50 percent of worst probable. 
A forest averaging 77 for July-August would be 60 points above the least 
probable class of 17, or 6o/64 equals 9̂  percent of worst probable. 
The range from 0 to 100 percent worst probable is divided into 
three equal parts. A season is described as easy if it rates from 0 to 
33 percent, average when it rates from 3̂  to 67 percent, and critical if 
 ̂Burning index is defined as a number in an arithmetic scale determined 
from fuel moisture content, wind speed, and relative humidity from which 
ease of ignition of fires and their probable behavior may be estimated. 
Glossary of terms used in forest fire control, Agri. Handbook No. 104, 1956. 
— ^ — 
the season rates 68 percent or more of worst probable. These are essen­
tially the main features of Gisborne's severity rating system. 
Gisborne was a real pioneer in the field of forest fire research, 
and his forest fire danger rating-̂  development filled an essential 
need during the period of the 1930's when the fire load was at one of its 
most serious conditions. Constantly striving to develop the fire 
control program on a more scientific axid standardized basis, Gisboriie 
developed his percentage of worst probable method for the rating of 
seasonal fire severity during the 19̂ +0's. This system which he fostered 
is certainly a giant step in the right direction, but even Gisborne, him­
self, admitted that his system had inherent weaknesses. 
He felt that two features of his system would very definitely re­
quire revision in subsequent work carried out in severity rating. The 
percentage of worst probable system was developed on the basis of burn-
index data for only the months of July and August. Gisborne was as 
aware of this fallacy as anyone else, for critical fire situations fre­
quently develop in September and would occasionally develop in June. 
However, he only had complete data for the July-August period, so that 
naturally served as the foundation for his severity rating study. The 
second weakness which he felt must be recognized is that the burniqg 
index data used in the development of his severity rating system was 
computed by three different burning index meters,̂  models h, and 6. 
37 Danger rating refers to the integration of weather factors to obtain 
a relative index which will indicate the severity of fire danger of the 
individual days of the fire season. 
4/ Burning index meter is a device used to determine the burning index 
for different combinations of burning index factors. 
•*6"" 
The use of three different burning index meters during the period that 
Gisborne was developing his severity rating system introduces an unde­
sirable variable into the already complex situation of attempting to 
rate relative forest fire severity. 
There are other rating systems in use throughout the various regions 
of the Forest Service in the United States; there being probably as many 
different severity rating systems as there are regions. A brief review 
of three of these severity rating systems as used in other regions will 
be presented. 
The Pacific Northwest Forest and Range Experiment Station has de­
veloped a rating system that is founded on three weather indices, which 
they have found to be closely related to burning conditions. They use 
seasonal average burning index data for the 50 percent of the days with 
the highest burning indices as one index to seasonal severity. The burn­
ing index data is obtained from Weather Bureau stations located outside 
of the protection areas. Their second index is the average number of 
days since a wetting rain, which provides a measure of the buildup of 
drought conditions. They define a wetting rain as .25 inch or more of 
precipitation during a 2k hour period. The total number of rainless 
days serves as their third index, and presents an indication of the pro­
portion of the season when fire might be expected to spread. 
They have defined their fire season as April 1 through October 31* 
The fire season is divided into three parts on the basis of weather and 
fuel conditions, April 1 to June 30, July 1 to September 15, and Septem­
ber 15 through October 3i- The three weather indices are worked up separ­
ately for western Washington and western Oregon, and are further subdivided 
into the three sections of the total fire season. 
The severity" of a given fire season is determined in a narrative 
and graphical manner "by comparing the three weather indices for the 
April-October period against the previous years indices, ten year av­
erage indices, and against the record low and high marks for each index. 
A series of chaxts and graphs are also prepared which illustrate the 
same comparisons in a pictorial presentation. Supplemental information 
to the three basic indices is included in their annual report in an at­
tempt to further describe the fire season in terms of these additional 
factors. This information includes the number of days with (l) the rel­
ative humidity at 30 percent or lower, (2) burning index greater than 28, 
and (3) lightning storms over the national forests.̂ / 
The California system for rating seasonal severity hinges on the re­
lationship between the variation of average number and size of fires with 
different levels of the burning index. A potential for burned area can 
be computed from the combination of these relationships for any level of 
fire danger. This potential for burned area is determined daily for the 
existing level of fire danger. These daily potentials are cumulated 
throughout the fire season and provide a measure of the burning condi­
tions that have been present during the season when compared against an 
average seasonal potential reference line. The relative severity of 
fire seasons is determined by comparison of the cumulated seasonal totals. 
The fire season severity index is determined by applying the ratio of the 
37 Cramer, Owen P. Forest fire weather in western Oregon and Western ~ 
Washington in 1957 Pacific Northwest Forest and Range Experiment 
Station Research Note No. 1̂ 4, November, 1957* 
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total for each season to the average seasonal total. 
Thirteen eastern and northeastern states from Virginia west to Ken­
tucky and north to Maine have devised still another method for rating 
seasonal fire severity. This region has found good correlation between 
fire occurrence and burning index, probably due to the fact that the 
greatest percent of their fires are man-caused and, therefore, the risk 
is relatively constant. In an area such as the 'Rocky Mountain region 
where lightning starts approximately 89 percent̂ / of forest fires, the 
risk is not constant since there tends to be "good" and "bad" lightning 
years. But since their correlation is good in the eastern states be­
tween these two factors, they have been able to develop a severity rating 
system based on the number of fires per 1000 units of burning index. 
Four steps are used in the derivation of a seasonal severity rating 
for these thirteen eastern states. An example of the mechanics of this 
method will be presented for 19̂ 3 Virginia. The initial step is the 
compilation of total fire occurrence in the state. The computation of 
the number of fires per 1000 units of burning index, termed the occurrence 
rate, is the next procedure. This is followed by figuring the equivalent 
statewide burning index, or the occurrence divided by the occurrence rate 
and this quotient multiplied by 1000. The last step arrives at a seasonal 
severity rating in percent by relating, as a ratio, the equivalent burn­
ing index for a given year against the average, or normal, burning index 
that can be expected over a period of years. A numerical explanation of 
this procedure follows: 
 ̂From ah Analysis of fire occurrence data for the 19̂ 0-1957 period 
from all land falling under national forest protection in Region One. 
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Year 
Total 
Occur­
rence 
Occur­
rence 
Rate. 
Equivalent 
Burning 
Index 
Average Eq,uivalent Season 
Burning Index Rating f 
1943 3,050 759 4,018 3,794 106 
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CBITICAL RECAPITULATION OF THE PERCENT OF WORST PROBABLE SEASONAL 
SEVERITY RATING SYSTEM 
It is the belief of this writer and others in the field of forest 
fire control and research that the worst probable system of fire sever­
ity annual rating is definitely in need of overhauling. It is based 
primarily on average burning indices for only the months of July and 
August. Averages at best give only an approximation of burning condi­
tions, and unless weighted by other factors may give erroneous results. 
As previously mentioned, consideration should be given to the entire 
fire season rather than basing a system on July and August data alone. 
In the computation of percent of worst probable for a given national 
forest, the burning indices from high elevation fire weather stations are 
averaged with the lower elevation burning indices for each ranger dis­
trict for the 62 days of July and August. The average July-August burning 
indices from all ranger districts in the forest are averaged to come up 
with the forest average burning index. The percentage worst probable 
seasonal severity rating is calculated for the forest through the appli­
cation of the following formula : 
Forest average burning index - least prob-
 ̂Worst Probable = able burning index 
Worst probable burning index - least prob­
able burning index 
It seems logical to assume that this averaging of averages is going to 
result in a low level of sensitivity in attempting to indicate critical 
fire situations of short duration. A short period of time during the 
fire season with very high burning indices would be lost in the aver­
ages if the remainder of the season was only moderate in severity. This 
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type of season would be rated as average under the present system, even 
though a portion of the season actually contained potentially severe 
burning conditions. 
In the preceding critical discussion of the percentage worst prob­
able system three serious shortcomings have been mentioned. These weak­
nesses ranked in an order of decreasing importance are (l) the fallacious 
results produced by a simple arithmetic mean method of analysis, (2) the 
founding of this system on only a portion of the total fire season, and 
(3) the use of three different burning index meters in the calculation 
of burning index averages. Recent developments in fire danger rating 
present still further justification for an attempt to construct an im­
proved seasonal severity rating system. The Model 8 Burning Index Meter 
was prepared by the Division of Forest Fire Research in Missoula, and 
distributed for use in the field during the 1955 forest fire season. 
Incorporated into this meter is a buildup factor, based on five day cum­
ulated fuel moisture percent. This factor is founded on experiments 
dealing with the fuel moisture content of heavy fuels, and indicates the 
pattern of weather events leading up to easy, average, or critical fire 
situations. This buildup factor is determined from the past five day's 
total fuel stick moisture percent, and ranges on a scale from 0 to 10. 
The lower fuel stick moisture percents result in higher buildup factors. 
The burning index meter is prepared in such a way that a high buildup 
factor will raise the burning index for the day. It is the writer's 
opinion that a good method of analysis based on this improved burning 
index meter should produce a more accurate picture of seasonal fire 
severity. 
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SCOEE OF THE INVESTIGATION 
The objectives of this seasonal severity rating study are : (l) 
inquiry into the validity of the percentage worst probable rating sys­
tem, and (2) if this system is proven inadequate, to develop a procedure 
for more accurately rating seasonal severity. The shortcomings of the 
present rating method have been discussed, and it is apparent that 
accurate evaluation of seasonal severity is dependent on the develop­
ment of an improved rating system. 
The evolutionary process of analysis development embodied these 
principles : 
(1) H. T. Gisborne discussed the importance of being 
able to easily understand the end product of a 
rating system in his memorandum, of June I6, lp4g. 
Quoting from this memorandum: 
"As Loveridge put it-- 'so that he who runs may 
read and get the idea.' This must be kept clearly 
in mind, otherwise our present attempt to improve 
the accuracy and dependability of the rating will 
vitiate the main purpose of the rating. If it is 
too complex to explain readily, it will not serve 
its major purpose." 
It has been an underlying motive of this study to 
attempt to capture some degree of this elusive 
character, simplicity, in the final index number. 
It is highly important that everyone from layman 
to fire control technician be made immediately 
aware of the significance of the relative index 
numbers. A rating system without comprehension 
is no system at all. 
-13" 
Another quote from the same memorandum expresses 
GisTaorne's concern over the misleading results 
produced by a strict averaging of burning index 
classes. 
"Each danger class figure (burning index), for 
one forest and one year, as used, is the arith­
metic average of 62 various danger classes (62 
days in July and August) ranging from 1 to 100 
in some cases. Such an average is not, or may 
not be, dependable in that one day rating class 
90 may be more than twice as bad as two days of 
4$ each. Or, as another example, one day of 
class 90 may be far worse than 3 days of class 
30. I believe that this is true. If so, this 
means that danger classes are not additive.** 
To avoid the pitfall which a simple arithmetic 
mean creates, a weighted system of analysis will 
be used which places proper emphasis on the 
higher levels of burning index. 
All burning index data to extend over the entire 
forest fire season, June 1 to September 30. 
To work up all burning index data on the Model 
8 Burning Index Meter, so that the variable of 
different meters is eliminated. 
To extend the study over as long a period of 
years as possible and still be able to utilize 
accurate weather records. 
To devise a method that would make the rating 
results directly comparative between fire sea­
sons and stations. 
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METHOD OF PBEEABING SEASONAL SEVERITY INDEX 
FACTORS AFFECTING SEASONAL FIRE SEVERITY 
In developing a system for rating fire severity it is first nec­
essary to review all major factors that might affect seasonal severity. 
An explanation of these elements follows, along with the reasons for 
retaining or discarding the individual severity factors in the final 
system. 
From the start it was felt that burning index should play a prom­
inent role in any severity rating scheme that would be prepared. After 
all, burning index is a measure of the fire danger which occurs on each 
day of the fire season, and indicates the ease of fire ignition and the 
probable rate of fire spread. It would seem that if burning index was 
properly weighted by the more significant of the supporting severity 
factors, a logical description of a season's fire severity could be cal­
culated. The burning index meter used in Region 1 integrates the weather 
factors of cumulative fuel moisture percent, current fuel moisture per­
cent, relative humidity, and wind in arriving at the final index of 
burning conditions for a given day. The adjective description which 
has been associated with the various levels of burning index follows : 
Burning Index Fire Danger 
1-20 
21-35 
36-50 
51-70 
71-100 Extreme 
Moderate 
Average 
High 
Low 
Radiating from the hub of the proposed rating system, burning 
index, are the subordinate elements of forest fuels, lightning, fire 
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occurrence, risk, and accessability. 
A swampy area containing lush, vegetation of high moisture content 
is not going to develop into as critical a hazard̂ / condition as will 
the cheatgrass slopes of the Salmon River country. An area with sparse 
fine dead ground fuels and very few snags will not create as serious a 
fire situation as a heavy concentration of fine dead ground fuels com­
bined with large numbers of shaggy-barked snags. These two examples 
illustrate the extremes of the flammability characteristics of fuels, 
but these extremes do exist as well as many intermediate variations. 
Forest fuels are classified on the basis of their rate of spread, cap­
abilities under specified weather conditions. Low, medium, high, ex­
treme, or flash are the five catagories used to describe the rate of 
spread potential of fuels, with the flash classification applied to 
areas of cheatgrass. The influential bearing that fuel type registers 
on the combustion process should definitely be given consideration in 
the final analysis. 
It would be impractical to include all components affecting fire 
severity in the rating system. Incorporating all factors into the in­
dex method would run contrary to the integration of simplicity into the 
development of this new rating scheme. The remaining elements of fire 
severity—lightning, fire occurrence, risk̂ , and accessability--tho'ugh 
jT Hazard refers to a fuel complex defined by kind, arrangement, volume, 
condition, and location that forms a special threat of ignition or of sup­
pression difficulty. "Glossary of terms used in forest fire control" 
8/ Risk refers to the chance of fire starting as determined by the presence 
and activity of causative agents. "Glossary of terms used in forest fire 
control" Agriculture Handbook No. 105 
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Important are of a subjective and inconstant nature, and., therefore, 
difficult to accurately include in a mathematical formula. Although 
lightning Ignites approximately 89 percent of all fires in Region 1, 
little if any correlation has been found between number of lightning 
storm days and number of fires. This lack of correlation might be 
attributed to the highly variable conditions associated with lightning 
storms. The storms may be either dry or accompanied by precipitation, 
or possibly a combination of these two storm situations will exist. A 
single dry lightning storm occurring when fire danger was high might 
conceivably start a greater proportion of fires than several lightning 
storms which included rainfall. 
Risk, fire occurrence and accessability of the fire areas all com­
bine to influence the overall severity of a fire season, but the diffi­
culty of assigning accurate values has precluded them from the severity 
index preparation. Risk, or the presence of such causative agents in 
the forests as campers, loggers, hunters, etc., is too prone to fluct­
uation to be correctly evaluated. During the war years risk is low due 
to the fewer number of forest users. Forested areas are, at times 
closed to the public when the fire danger rises to an extreme level. 
Such variations place the item of risk at a level of only minor impor­
tance in connection with severity rating. 
Accessability, though a mâ or contributing cause to fire severity 
before the 19%0's, has been made practically inconsequential now since 
the advent of increased forest access roads and the widespread use of 
smokejumpers. Through the development of rapid transportation facilities. 
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travel time to fires has been shortened to a fraction of what it once 
was. 
These preceding factors, though left out of the severity index it­
self, cannot be ignored. It is not the function of the severity rating 
index to distinguish between the highly fluctuating interactions occurr­
ing among lightning occurrence, fire occurrence, risk, and accessability. 
An index should serve in an advisory capacity to the administration, and 
not function as a strait jacket. Deriving a season's relative severity 
principally on the basis of an index system, this evaluation could be 
amended if necessary by the administrator's awareness of the degree to 
which lightning occurrence, fire occurrence, and risk existed over the 
region. 
It has been determined after a careful study of the important ele­
ments which influence seasonal severity, that burning index and fuel type 
are the two most significant factors. The severity rating system will be 
prepared using these two variables as a basis, with the remaining items 
recommended for use as supplemental guides by the individuals involved 
with the rating program. 
SELECTION OF AH ANALYSIS METHOD 
Upon inspection of the nature of the data and the end results de­
sired, it was obvious that a correlation analysis, or analysis by a 
weighted arithmetic mean, would be the methods best suited to the pro­
duction of a sound severity rating system. A correlation analysis was 
first attempted, but proved unsatisfactory as the validity of the anal­
yzed dependent variables seemed questionable. The dependent variables 
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which might be used to determine the significance of various levels of 
burning index are percent of man-caused fires, percent of fires over one 
quarter acre, percent of fires under one quarter acre, and total number 
of fires. Since this study involves the development of a severity rating 
system to be used in evaluating man's efficiency in fighting forest fires, 
any factor that might be influenced by human efforts and human error 
should not be used as a dependent variable. On this basis percent of 
fires over one quarter acre and under one quarter acre were ruled out. 
In sections of the country where there is a high and relatively constant 
number of man-caused fires, good correlation is established with the in­
dependent severity values. The logic behind this being that when forest 
fires can start and spread from a flipped cigarette or campfire embers 
the burning conditions must be severe. However, little correlation was 
obtained when applying this dependent variable to the data of this study, 
since man-caused fires compose only a small percent of Region I's forest 
fires when compared against lightning-caused fires. Total number of 
fires isn't a good variable to test the significance of different levels 
of burning index intensities. A potentially dangerous fire season on 
the basis of a large percentage of high burning indices may have few 
fires due to the variability of lightning storms. 
The disadvantages which stemmed from applying a correlation anal­
ysis to this type of data were too numerous, and a weighted arithmetic 
mean method of analysis was chosen as the procedure to be used in pre­
paring the severity rating system. This method would be particularly 
advantageous in that it could be readily adapted to the proper apportion­
ing of weights to (l) the varying degrees of burning index intensity, 
and (2) to the five classes of fuel flammability. 
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COMPIIATIOI AM) ORGANIZATION OF THE DATA 
The initial phase of the analysis project involved working up hack 
years of fire weather information on the Model 8 Burning Index Meter. 
Personnel on the various forests were assigned the responsibility of re­
computing the burning indices for preceding years using weather records 
from the designated fire weather stations. Valley bottom stations were 
chosen to provide weather records for the maximum number of days during 
each fire season. Since mountain top stations are not maintained through 
the entire fire season, it would be impossible to obtain the extended 
weather records so necessary in a study of this type. The recomputation 
of the burning indices makes it possible to make direct comparisons of 
one year's fire severity with another, with the Model 8 Burning Index 
Meter functioning as the common denominator. 
Upon receipt of this Model 8 burning index material at the Forest 
Fire Laboratory in Missoula, it was necessary to organize the data into 
a workable form. The 1 to 100 scale of burning index was subdivided in­
to ten equal classes. A student assistant from the forestry school at 
Montana State University, and employed by the Division of Forest Fire 
Research, tabulated the frequency of burning index occurrence in each of 
the ten classes for the entire fire season. This tabulation was carried 
out for all of the designated fire weather stations. 
FIRE-WEATHEE STATIONS USED FOR THIS STUDY 
Weather data from five fire weather stations on five national forests 
were utilized for the development of this study. These stations are : 
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Priest 
River 
Kingston 
Plains 
Pierce 
Figure 1. The five fire-weather stations in Montana and 
Idaho used in the problem analysis of forest fire 
seasonal severity rating. 
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Station Hatlonal Forest State 
Kingston Ranger Station Coeur d'Alene Idaho 
Libby Ranger Station Kootenai Montana 
Pierce Ranger Station Clearwater Idaho 
Plains Ranger Station Lolo Montana 
Priest River Experimental Forest Kaniksu Idaho 
These stations all report the weather conditions on the standard 
Forest Service fire danger daily record sheet, Form 120. Stations were 
chosen for this study on the basis of their geographical location in 
Region 1 and the completeness of weather records. Libby and Priest 
River compose the northern stations. Plains and Kingston are intermediate 
in position, and Pierce is the most southerly station. 
Pearson and Bennett define an index number as a comparative measure 
of magnitude. It is a ratio of the magnitude of a variable at one time, 
place, or position to its magnitude at another. Index numbers indicate 
changes and differences, and they are very useful tools in the study of 
prices and other variables. It is a common trait of the human mind to 
think of magnitude in terms of relative rather than absolute values. 
The size of a given variable at a given time or place bears meaning only 
when it is compared to the size of another variable or to the same var­
iable at a different time or place (ll). 
It is the purpose of this analysis to develop an index to the rel­
ative severity of forest fire seasons. Because the varying degrees of 
burning index intensity and forest fuel flammability are not of equal 
HEIGEEED UDEX MMBERS 
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significance, a method has been devised to give each plane of the two 
variables a specific bearing on the final index proportionate to its 
importance. A weighted arithmetic mean is the method used in the prob­
lem to assure the proper integration of weight distribution. The 
weighted arithmetic mean of variables may be written diagrammatically 
as follows : 
Sum (Variate X respective weight) 
Weighted mean = Sum of the weights 
If the data for this study were arranged by calendar date, the 
above formula would be readily applicable to the problem analysis. But 
since the data is grouped by ten burning index classes rather than cal­
endar date, it becomes necessary to introduce a refinement to the 
weighted mean formula. The intensity factor, which is the midpoint of 
each of the ten burning index classes, is included in the cross-product 
calculation so that an actual measure of the burning index intensity for 
that particular percent of days is numerically considered in the index 
derivation. So the modified formula states that: 
Sum/~̂  of days in x Weight* X Intensity? 
Weighted mean = / given B.I, class factor / 
(or index number) of days in % Weight/ 
/ given B.I. Class 7 
*Weight based on rate of spread factors, expressed in terms 
of perimeter increase in chains per hour; more detailed ex­
planation of weight source follows. 
The compilation of percent of days in each of the ten burning in­
dex classes during the June-September period for the five fire weather 
stations was the first step in the actual analysis. There then arose 
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the problem of assigning to each component a weight proportionate to its 
importance in the index. The often difficult task of choosing valid 
weights was readily resolved in this situation by referring to Region 
I's fire dispatching procedure outline (Table l). This table is based 
on a study of 2955 fires in the national forests of Region 1, and indi­
cates average initial rate of spread according to fuel types, slope 
steepness, and burning index at the site of the fire(9). The rate of 
spread table is doubly helpful in that it not only provides a basis for 
weighting the levels of burning index intensity, but also includes the 
five fuel type classifications. Thus, the two variables involved in 
this research project, burning index and fuel type, are systematically 
integrated in the table. 
The numerical values in the main body of the table represent the 
rate of spread, expressed in terms of perimeter increase in chains per 
hour, that can be expected for the different classes of fuel type, slope 
steepness, and burning index. These rate of spread numbers will be 
transferred directly as they stand for weighting the two severity index 
factors. In the application of these weights to the rating system a 
slope steepness percent of 0 to 10 will be assumed, primarily for the 
purpose of simplicity. It will have to be kept in mind that increasing 
slope percent will result in the more rapid spread of forest fires. 
The example which follows presents the method for calculating 
the seasonal fire severity weighted index. The data used in this ex­
ample are from the 193̂  fire season at the Priest River Experimental 
Forest, Priest River, Idaho. The entries in the cross-product column 
are calculated by multiplying column one times column two times column 
Table'1 Average Initial Hate of Spread 1/ According To Fuel 
Type, Slope Steepness, and Burning Index at Site of 
Fire.  ̂
Fuel Rate of Slope Burning Index 
Spread Type Steepness _3/ 
Percent 1-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100 
in Chains Per Hour - -
Low 0-10 0 1 1 1 1 2 2. 2 3 4 
11-25 0 1 1 1 2 2 3 3 4 6 
26-50 1 1 2 2 3 3 4 4 6 8 
51-75 1 2 3 3 4 5 6 7 9 13 
Over 75 2 3 4 5 6 7 8 10 15 20 
Medium 0-10 0 1 1 1 2 2 2 3 4 5 
11-25 1 1 1 2 2 3 3 4 6 7 
26-50 1 2 2 3 3 4 5 6 8 10 
51-75 2 3 3 4 5 6 7 9 13 16 
Over 75 3 4 5 6 8 10 12 15 20 25 
High 0-10 0 1 2 3 4 5 6 8 9 12 
11-25 1 1 3 4 6 7 9 11 13 17 
26-50 2 2 4 6 8 10 12 16 18 24 
51-75 3 3 6 9 13 16 19 25 28 38 
Over 75 4 0 10 15 20 25 30 40 45 60 
Extreme 0-10 1 3 4 5 6 8 10 13 16 19 
11-25 1 4 6 7 9 11 14 19 22 27 
26-50 2 6 8 10 12 16 20 26 32 38 
51-75 3 9 13 16 19 25 32 41 50 60 
Over 75 5 15 20 25 30 40 50 65 80 95 
Flash 0-10 1 5 12 15 19 24 30 37 46 57 
11-25 1 7 17 21 27 34 42 52 65 81 
26-50 2 10 24 30 38 48 60 74 92 114 
51-75 3 16 38 48 60 76 95 117 146 181 
Over 75 5 25 60 75 95 120 150 185 230 285 
1/ Average Initial Rate of Spread refers to perimeter Increase between discovery of fire and first attack. 
This rate of spread may be anticipated during the first 4 to 5 hours. 
_§/ Table based upon study of 2955 fires in national forests, R-1, 1936-1944. Values fot very high and 
very low burning index have been estimated, 
"y General descriptions used in slope descriptions are: Level, 0-10%; Gentle, 11-25̂ ; Moderate, 26-5Ĉ ; 
Steep, 51-75%; Very Steep, over 75%. 
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three for each, level of burning index. The cross-products for each 
burning index class are then summed. The next step involves the multi­
plication of column two times column three, and the sum of these prod­
ucts is determined. 
Col. 1 Col. 2 Col. 3 Col. 4 Col. 5 
Burning Index  ̂of days in Weight Intensity Cross-product 
Class B.I. Classes Factor column 
90-100 .00 5 95 .00 
80-89 .00 4 85 .00 
70-79 .00 3 75 .00 
60-69 .14 2 65 18.20 
50-59 .29 2 55 31.90 
40-49 .20 2 45 18.00 
30-39 .15 1 35 5.25 
20-29 .12 1 25 3.00 
10-19 .07 1 15 1.05 
0-9 .03 0 5 .00 
77.40 
To obtain the severity index number for the 193̂  fire season at Priest 
River the cross-product values are inserted in the following formula : 
Sum (Column 1 X Column 2 X Column 3) 
Index number = Sum (Column 2 X Column 3) 
OR 
Index number = 77-̂ 0 
1.60 
= 48.38 
Mathematically speaking, this index number, 48.38, is a weighted arith­
metic mean based on burning index values. 
It would be desirable if a ranger district's seasonal fire sever­
ity could be evaluated on the basis of the predominant fuel type, or on 
the composite makeup of the entire fuel complex. However, the fuel type 
maps on the majority of districts in the region are obsolete. A medium 
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fuel type appears to be the average condition existing over the region, 
and will be used throughout the development of the rating system. Per­
haps when fuel type maps are brought up to date, the rating index can 
be modified to present a seasonal severity picture in the light of all 
forest fuels. 
The following is an excerpt from Station Paper No. 28, by J. S. 
Barrows, Forest Fires in the Northern Rocky Mountains. This particular 
reference Involves comments concerning the very study which led to the 
preparation of Table 1. 
"Rate of spread classifications serve as warning signals for 
dangerous fire behavior. In earlier studies Hornby established 
the importance of planning the type, strength, and location of 
fire control forces in accordance with the probable rate that 
fires will gain perimeter. His objective was to evaluate basic 
behavior factors so as to plan fire control forces which could 
build fire line faster than the fire makes perimeter. This 
principle of rating fire behavior has long been recognized in 
fire control planning in Region 1 of the Forest Service. The 
present study clearly shows the value of determining rate of 
spread according to variations in fuel classification and 
burning index. Determining rate of spread in this manner 
enables identification of the areas and periods of greatest 
danger." 
And the use of these rate of spread factors evolves as a sound and log­
ical basis for the accurate weight identification of the several levels 
of fuel type and burning index Intensities. 
The problem of arriving at a proper distribution of Weights for 
fuel type and burning index was solved by Table 1. For the purposes' 
of this study, the data from the five areas Involved will be weighted 
on the basis of a medium fuel type and 0-10 percent slope for the ten 
classes of burning index. 
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Graphical and Tabular Summation of the Relative Forest Fire Sea­
sonal Severity Indices at Kingston Ranger Station, Libby Ranger 
Station, Pierce Ranger Station, Plains Ranger Station, and the 
Priest River Experimental Forest. 
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Figure 2. The forest fire seasonal severity for Priest 
_ River Experimental Forest by year (Based on seasonal 
severity index number). 
50-
I 
H 
u 
K 
0 
1 
0̂  
g 
4o- 15253, 
5k 
i6 
20 
10. 
Normal Seasonal 
Severity Refer­
ence Line 
I 
YEAR 
Figure 3- The forest fire seasonal severity for 
Kingston Ranger District by year (Based on 
seasonal severity index number). 
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Figure 4, The forest fire seasonal severity for 
Libby Ranger District by year (Based on sea­
sonal severity index number). 
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Figure 5- The forest fire seasonal severity 
for Pierce Ranger District by year (Based 
on seasonal severity index number). 
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Figure 6. The forest fire seasonal severity for 
 ̂ Plains Ranger District by year (Based on sea-
severity index number. 
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STATION 3k 35 36 37 38 39 ho 4i k2 ^3 44 45 46 47 46 49 50 51 52 53 54 55 56 57 
PRIEST 
RIVER 
48 k2 38 35 43 36 h2 26 30 30 33 35 32 31 20 37 34 34 32 27 26 31 34 32 
KINGSTON 34 k2 k5 46 32 29 31 37 39 36 32 28 39 38 39 39 39 35 4o 32 36 
LIHBY 1̂ 3 kk 37 32 45 4l 46 39 36 30 37 35 37 4o 34 30 45 4o 38 
PIERCE 3  ̂ 21 29 32 27 38 25 31 28 36 36 4o 37 29 28 36 31 32 
PLAINS 46 * 55 51 37 37 37 4l 45 39 38 38 53 * 46 46 46 4o 47 49 44 
Table 2. Forest fire seasonal severity index nimbers ty year for the 
five fire weather stations of this study. (* Data Missing) 
YEAR 
STATION 34 35 36 37 38 39 1+0 1+1 1+2 ^3 1+1+ i+5 1+6 1+7 1+8 1+9 50 51 52 53 51+ 55 56 57 
PRIEST 
RIVER 
Ikl 12k 112 103 126 106 12k 76 88 88 97 103 9k 91 59 109 100 100 9k 79 76 91 100 91+ 
KINGSTON 92 lilt 122 121+ 86 78 81+ 100 105 97 91 76 105 103 105 105 105 95 108 86 97 
LIBBY 115 110 113 95 82 115 105 118 100 92 77 95 90 95 103 87 77 115 103 97 
PIERCE 106 66 91 100 81+ 119 78 97 88 112 112 125 116 91 88 ÏL2 97 DO 
PLAINS 105 * 125 116 84 82+ 84 93 102 89 86 86 120 * 105 105 105 91 107 111 100 
% 
I 
Table 3» Percent of normality rating by year for the five fire 
weather stations of this study. (* Data missing) 
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PERCEKT OF NOBMâL SEVERITY 
One further calculation was added to the axialysis procedure in an 
attempt to make the rating system as meaningful as possible. It was 
thought that the significance of the index numbers would become more 
immediately apparent if the numbers were related to a base period. The 
normal seasonal severity potential was computed for each station, assum­
ing that the mean potential severity index occurred every year. This 
average severity index condition is tabulated below for the sample areas: 
Normal Seasonal 
Station Severity Index 
Priest River 3̂  
Kingston 37 
Libby 39 
Pierce 32 
Plains Ml-
The actual index rating for a given station and year is divided 
by the base period - or normal seasonal severity index - for that 
station to obtain the percentage of normal severity for the season. 
(Refer to Table 3 for the percent of normality ratings for the five 
stations.) The normal seasonal severity index is also presented on 
the histograms for each of the stations as a reference line for the 
graphical interpretation of the indices. 
The employment of the term "normal" is sometimes questioned when 
used with data of this type. However, in the light of the following 
definition, the use of normal in regard to average seasonal severity 
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seems to be justified. The Weather Glossary, compiled by Alfred H. 
Thiessen in 1946, defines normal as: 
"...the average value which, in the course of years, any meteor­
ological element is found to have on a specific date or during 
a specified month or other portion of the year, or during the 
year as a whole. Also used as an adjective in such expressions 
as 'normal temperatures,' etc.... the normal serves as a stan­
dard with which values occurring in a particular year may be 
compared." 
The U. S. Weather Bureau describes normals as averages of all obser­
vations available from the beginning of the record at the respective 
stations to the time the values were completed and put into operation. 
The eastern states mentioned previously in this paper compare 
their severity data to an average base period. The base period calcu­
lation in their rating scheme for 1956 was founded on average burning 
index for the ten year period 19̂ 3-1952. Base period determination in 
this study, using l8 to 2k years of information, should be equally as 
valid. 
ADJECTIVE SCAIE FOR CATEGORIZING PERCENT OF NORMAL SEVERITY RATINGS 
In the administration's evaluation of the seasonal fire situation 
it would expedite matters if they could verbally describe the numer­
ical results of percent of normal severity. To meet this requirement 
an adjective rating was developed, expressed in the same terms as the 
five fire danger classes; extreme, high, average, moderate, and low. 
The midpoint of the average condition would naturally be located at 
100 percent. By averaging the five highest percent of normality num­
bers, one from each station, it was observed that the highest mean 
percent of normality equalled 125. In the same manner the mean lowest 
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percent of normality for the five stations was approximately 75' Through 
interpolation between these three reference points, the midpoints for the 
high and moderate classes were set at 112 and 8l, respectively. The 
seasonal severity index interpretation scale then becomes: 
Adjective Scale  ̂of Hormal Severity 
Extreme 119 plus 
High 106-118 
Average 9̂ -105 
Moderate 81-93 
Low 8o minus 
"38" 
EVALUATION OF THE BERCENT OF HORMAUTY BATING SYSTEM 
Is this method of rating severity valid? Does the method carry 
out the functions that it was created for eind present an accurate sea­
sonal fire picture? Stated in other words, does the system rate the 
potential forest fire seasonal severity for the five stations in such 
a manner that : 
(1) The final results are correct ratings. 
(2) A single season's percent of normality rating 
for a station can be compared to the station's 
percent of normality index for any other fire 
season. 
(3) The percent of normality rating for one station 
can be compared to the similar rating for the 
other four stations for any year of this study. 
(i|-) The fire control personnel would have a useful 
tool for the evaluation of the fire control 
efforts. 
Some classical statistical analysis procedure such as a regression 
correlation, would be desirable for determining the significance of 
this rating system. However, the same problem arises in this situation 
as it did with the attempt to formulate the rating system on a correl­
ation basis. There are no reliable dependent variables that can be 
used in this type of analysis. Fire size is too subjected to the possi­
bility of human error to be considered as an accurate variable. The 
ad-vances being made in suppression techniques further complicate an 
appraisal of the percent of normality system on the basis of fire size. 
At the present time, even under dangerous burning conditions, chemical 
and mechanized methods of attack are capable of confining fires to a 
relatively smaller size in comparison to fire size in the earlier years 
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of this study. Other studies have shown that fire occurrence, also, is 
not valid as a dependent variable. Eighty-nine percent of fires in Region 
1 are lightning caused. "In the western zone (of Region l) no correlation' 
is evident between lightning fire occurrence and critical burning condi­
tions, "â/ So this definitely rules out the occurrence of fire as a 
dependent variable. 
There is another logical conclusion why it would prove quite un­
satisfactory to statistically evaluate the percent of normality system. 
In the introduction to this paper the statement was made that the pri­
mary objective of this study was to devise a system that would measure 
potential forest fire seasonal severity. In the light of this objec­
tive it would seem extremely difficult to establish the validity of 
the potential severity index system on the basis of actual occurrence 
and conditions which existed during a fire season. 
Due to the nature of this problem, which disallows the evaluation 
of significance by a regression azialysis, the only recourse for justi­
fication of the percent of normality system is to interpret the rating 
results on the basis of personal opinion of experienced fire control 
men. There are certain fire seasons which are generally considered as 
being exceptionally tough or easy by fire control veterans. Since av­
erage conditions are easily forgotten, this classification will not be 
included in the subsequent discussion. Reference to Table 4, which pre­
sents the tabular comparison of percent of normality to personal opinion, 
indicates that all station ratings coincide with the three easy fire sea­
sons, 19̂ 1, 1948, and 195̂ . The period of the 1930's is believed by most 
9/Forest fires in the northern Rocky Mountains, Barrows J. S. Pg. 7 
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Individuals to be the last really critical series of fire years. This 
belief is backed up by the rating system, with every station indicating 
high or extreme severity for these years. ®ie men approached for their 
opinions didn't seem to think that 1938 was a tough season. However, 
the records in the Annual Deficiency Report for that year state that 
the Coeur d'Alene, Kootenai, and Kaniksu did have above average fire 
danger in that year. The three stations in my sample for that year hap­
pen to be from each of these forests, therefore the season is rated high­
er thaa personal opinion rates it. For the tough years of 19̂ 5 and 19̂ 9, 
nine of the ten ratings showed the presence of above normal burning con­
ditions. And five of these nine above normal ratings indicated that 
high or extreme severity existed. It was felt by the individuals ques­
tioned that the 1955 fire season was generally an easy one. In contrast, 
the percent of normality system rates only Priest River as easy for the 
season, with the remaining four stations in the high severity bracket. 
No attempt will be made to interpret these contradictory ratings on a 
conclusive basis. The regional seasonal severity picture for 1938 was 
also believed to be relatively easy, but there were still certain areas 
on the region that rated as above average in fire danger. Even though 
seasonal severity appears easy over the region, it is quite likely that 
certain districts will rate above average due to variations in the local 
weather conditions. 
The evaluation of this seasonal severity system by comparison to 
personal opinions is not a precise procedure of analysis. But under the 
circumstances that is the only type of information available to appraise 
this potential rating system. On this basis, the views of fire control 
YEAR 19* 1918 1919 1941 1945 1948 1949 1954 1955 
EERSOML 
OPINION 
ToTigh Easy Tough Easy Tough Easy Tough Easy Easy 
PREF l4l 126 106 76 103 59 109 76 97 
KINGSTON uk 122 86 105 76 105 95 108 
UBBY 115 no 95 ll8 77 95 77 115 
PIERCE 66 119 88 112 88 112 
PLAINS 125 102 : ii 
86 120 91 107 
Table 4. Contrasting station percent of normality-
rating to seasonal severity rating "based on per­
sonal opinion. (lOO = normal severity) 
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personnel toward seasonal severity does seem to substantiate the system. 
Faith is defined as complete confidence in something open to ques­
tion or suspicion. This writer is not advocating that the percent of 
normal severity system be given complete confidence on the basis of per­
sonal opinions. However, it is felt that this system is an honest ap­
proach to the measurement of potential severity. The analysis has re­
placed the major weakness of the percent of worst probably system, which 
was the assumption that all levels of burning index were additive on a 
simple arithmetic mean basis, with a weighting scheme derived from a 
sound source. By weighting the intensities of the various classes of 
burning index occurrence, a logical measure of the true burning potential 
for a season is derived. 
Are the percent of normality ratings (Table 3) really comparative be­
tween seasons for one station, and between all stations and seasons? Yes, 
since the data for this study was compiled on a common basis, the Model 8 
Burning Index Meter, the comparisons are valid between stations and sea­
sons. The index numbers (Table 2) are not as readily comparative between 
stations, due to the mechanics of the burning index meter. This meter was 
prepared in such a way that it is now much more difficult to obtain very 
high burning indices than it was with the Model 6 and 7 meters. It was 
felt that the high frequency with which critical burning indices occurred 
with these two meters watered down the significance of the high ratings. 
"The developmental Model 7 Burning Index Meter gave ratings that were 
too high for the actual conditions on the ground. Thus the more real­
istic Model 8 Burning Index Meter was put into general use in 1955."i2/ 
10/ Annual Deficiency Reports (1951 through present) 
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The present meter has been prepared so that even in the most ex­
treme fire weather climatic zones, as the very dry Salmon River country, 
it is difficult to get readings in the $0 to 100 range; and fire danger 
is high with readings over fifty. Since the meter has been developed 
on the "basis of the more critical fire weather zones, the relative im­
portance of one station's index number to another station's is not easily 
interpreted due to the differences which exist in the five stations' cli­
matic environment. For example, in 19̂ 5 the index number for Priest 
River was 35̂  and for Plains 45. Priest River is characterized by con­
siderably more precipitation than the dry and windy Plains district. 
From the comparison of the index numbers for these two areas it would 
seem that Plains had the more critical burning potential. But when the 
index numbers are transposed on the grounds of percent of normality for 
each station, the resulting percentages are comparative between stations; 
Priest River now rating 103 percent and Plains rating 102 percent. 
Administrative officers utilize several criteria in their evalua­
tion of seasonal forest fire severity. The results of the seasonal 
severity rating system is given strong emphasis in the Annual Defic­
iency Report. This rating of the fire season is supplemented by cli-
matological data, lightning fire occurrence, man-caused fires, fires 
over 10 acres, burned area, and cost classes. The percent of normality 
rating system provides an easily understood appraisal of the compara­
tive severity of past forest fire seasons. This system could develop 
into a useful administrative aid in the evaluation of the fire protec­
tion program. 
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SUMMARY 
The forest fire control force in Region 1 is an extensive organi­
zation, dependent on highly skilled and well equipped technicians for 
the adequate protection of our natural resources. Since fire control 
is a multi-million dollar business, it is of the utmost importance that 
its efficiency and production be annually evaluated by the fire control 
administration. This yearly appraisal of past fire seasons is presented 
in the Annual Deficiency Report and forwarded to Washington, D.C. 
One of the important items utilized in this report is the rating 
of the potential burning conditions which existed throughout the fire 
season. This rating operates on a comparative basis, and measures the 
degree of forest fire seasonal severity. The present method of rating 
seasonal severity in Region 1 is the percent of worst probably system, 
developed by H. T. Gisborne. Gisborne himself realized that certain 
inherent weaknesses were incorporated into this system. It is generally 
believed that these shortcomings tend to invalidate the significance of 
the ratings. These factors which undermine the percent of worst probable 
system are ranked below in an order of decreasing importance : 
1. The fallacious results produced by a simple 
arithmetic mean method of analysis 
2. The founding of this system on only a portion 
of the total fire season 
3. The use of three different burning index meters 
in the calculation of burning index averages 
With the percent of worst probable system convicted on three 
counts, it became apparent that accurate evaluation of seasonal severity 
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would depend on the development of an improved rating system. The 
guidelines followed in preparing this system are : 
1. To strive for simplicity in the final rating 
method so that it is readily understood. 
2. To avoid the pitfall which a simple arith­
metic mean creates "by employing a weighted 
system of analysis; this weighting places 
proper emphasis on the higher levels of 
burning index. 
3. To extend the burning index data over the 
entire forest fire season, June 1 to Sept­
ember 30. 
To work up all burning index data on the 
Model 8 Burning Index Meter so that the 
variable of different meters is eliminated. 
5. To extend the study over as long a period 
of years as possible and still be able to 
retain accurate weather records. 
6. To devise a method that would make the 
rating results directly comparative be­
tween fire seasons and stations. 
An appraisal was made of the factors affecting seasonal fire 
severity, and from this review it was concluded that burning index 
and fuel type would be the two variables used in the system develop­
ment. A weighted arithmetic mean method was chosen as the best 
procedure to use in the analysis of the burning index data. The 
problem of arriving at a proper distribution of weights for fuel 
type and burning index was solved by the rate of spread table (Table 
1). For the purposes of this study, the data from the five areas in­
volved was weighted on the basis of a medium fuel type and a 0-10 
percent slope for ten equal classes of burning index. The index 
—^6— 
lumbers as calculated for each station were put on a direct comparative 
basis between areas and seasons by reference to the normal, or average, 
condition at the respective stations. This operation is described as 
the percent of normal seasonal severity rating, or simply percent of 
normality. 
It proved difficult to appraise the significance of this system 
on the basis of some classical statistical approach, since the system 
measures potential conditions which are not readily correlated with on 
the ground actual occurrences. Although not as precise an evaluating 
procedure, the percent of normality system did seem to stack up well 
against the personal opinions of experienced fire control men as to 
"tough** and "easy" fire seasons. 
In the developmental stages of the percent of normality system, 
the three inherent shortcomings found in the present rating method 
were eliminated. The improved system of rating forest fire seasonal 
severity has dealt with these weaknesses in the following manner: 
1. The more critical classes of fuel type and 
burning index were emphasized by assigning 
these components a weight proportionate to 
their importance in the rating index. 
2. The entire fire season was Included in the 
analysis. 
3. All burning index data for past years was 
worked up on the basis of one meter, the 
Model 8. 
The results of this study seem to indicate that this improved 
rating system provides a valid expression of forest fire seasonal 
severity. 
1 
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